Malaria has always been a problem in the southern districts of Tajikistan that border northeastern Afghanistan. Under the former Soviet regime, active malaria control measures kept the incidence of the disease at a low level. Malaria was virtually eliminated in the early 1960s, except in some residual areas. By the 1980s, malaria was nearly a forgotten disease. Only 176 cases were recorded nationally in 1990. After the breakup of the Soviet Union, the incidence of malaria increased dramatically, and the World Health Organization (WHO) categorized the situation in Tajikistan as mesoendemic and epidemic (WHO 2003) . Malaria morbidity soared from 2.9 per 100,000 persons in 1990 to 224.6 per 100,000 persons in 1999, and the number of ofÞcially recorded and conÞrmed cases increased by 20% in 2000. This was accompanied by a fourfold increase in the number of Plasmodium falciparum (Haemosporida: Plasmodiidae) cases reported in 1998 Ð2000. A survey conducted in 2001 showed that Ͼ10% of a study population in the Khatlon region were asymptomatic carriers of Plasmodium vivax and P. falciparum, indicating that the number of malaria cases may have been as high as 150,000 Ð250,000. It is estimated that at the start of the 21st century, 1 in 25 people had malaria in Khatlon province alone, and the number of symptomatic and asymptomatic cases for the whole country was estimated to be 300,000 Ð 400,000 (WHO 2003) . The dramatic increase in autochthonous cases was attributed to P. falciparum (25% of all infections in the Khatlon region and up to 50% in some areas of Tajikistan in 2003). The situation has improved during the past 10 yr with the implementation of vector control strategies, but malaria cases continue to be treated each year.
Various species of Anopheles have been incriminated as vectors of malarial plasmodia in neighboring Afghanistan and Turkmenistan based on the presence of sporozoites and oocysts in dissected females (Anufrieva et al. 1977 , Chinayev 1965 , Eremin 1945 , Petrisheva 1934 , Simanin 1930 , Badawi cited in Zvantsov et al. 2003 , but similar studies have not been conducted in Tajikistan. Instead, the epidemiological signiÞcance of Anopheles in Tajikistan has been inferred from the ecology and bionomics of species associated with malaria foci and investigations undertaken in neighboring countries. Anopheles hyrcanus (Pallas), Anopheles pulcherrimus Theobald, and Anopheles superpictus Grassi (Diptera: Culicidae) were identiÞed as "potential" vectors during a recent appraisal of malaria in the rice-growing areas in the southwestern region of the country (Matthys et al. 2008) , and the last two species are assumed to be of greatest epidemiological importance in the far north of Tajikistan . However, of the nine Anopheles species that are known to occur in Tajikistan (Habirov et al. 2012 (Bulichev et al. 1982 , Kadamov 2010 , Kadamov and Zvantsov 2010 , Karimov 2009 , Keshishyan 1941 , Montchadsky and Shtakelberg 1943 . The purpose of the study reported here was to determine which species of Anopheles may be responsible for malaria transmission in the malaria-endemic southwestern region of Tajikistan. Malaria is not known to occur in the mountainous eastern and northern regions of the country.
Materials and Methods
Villages (study sites, Fig. 1 ) were chosen in malariaendemic areas in the southern province of Khatlon, where most cases of malaria occur in Tajikistan. Data available on malaria prevalence served as a basis for selecting the study sites, which are located in rural and mainly agricultural settings that represent the ecological, environmental, and cultural conditions of the region. Three houses were selected in each study village for mosquito surveillance during four nights each month from May to September 2010 (the principal months of emergence and occurrence of Anopheles adults) and two nights per month during the same months in 2011. SpeciÞc collection sites were houses where one or more residents had been diagnosed with malaria in previous years. Indoor and outdoor human landing and outdoor light-trap collections were made from dusk to dawn at each house. Landing catches were made by individuals working in pairs in the main sitting room indoors, near the house, and at some distance from animal shelters that were outdoors. Light traps were hung Ϸ10 m from outdoor collection sites and animal enclosures. Resting mosquitoes were collected at dawn each day following human-bait collections. Indoor resting collections were made in all rooms of each house, and outdoor resting collections were made from all artiÞcial structures and vegetation within 10 m of each house. All collections were executed by staff members of the Pavlovsky Institute of Zoology and Parasitology who were taking prescribed regimens of appropriate malaria-suppressive prophylactics, with ethical approval of the institution and the Academy of Science.
Mosquitoes were identiÞed using the morphological keys of Gutsevich et al. (1974) and preserved in tubes with silica gel. The headÐthorax portions of specimens were tested individually for the presence of circumsporozoite proteins (CSP) of P. falciparum, P. vivax VK-210, and P. vivax VK-247 using enzymelinked immunosorbent assays (ELISA). The tests were conducted using the procedures described by Wirtz et al. (1987) , with minor modiÞcations. Specimens were tested alongside positive and negative controls: male mosquito homogenates were used as negative controls and diluted target sporozoite proteins (supplied by the Centers for Disease Control [CDC]) were used as positive controls. Positive homogenates were detected by eye using the color change elicited by the peroxidase action on the o-phenylenediamine dihydrochloride (OPD) substrate. All positive homogenates were detected within 30 min of substrate introduction and were conÞrmed with repeated testing that was carried out alongside a random sample of negative homogenates.
Results and Discussion
Mosquitoes (n ϭ 2,213) of Þve Anopheles species, collected when landing on humans indoors and outdoors, resting indoors and outdoors, and resting in animal shelters at nine sites ( Fig. 1 (5), and Kizilnur (6), Jillikul district; and Safar Gadoi (7), Gulobod (8), and Arpatoguldy (9), Hamadony district. The numbers in parentheses identify the localities represented by the same numbers in Table 2 . (Online Þgure in color.)
An. superpictus is generally regarded as a zoophilic species, but it readily feeds on humans where it occurs in high densities and in close association with human habitation (Latyschew 1929) . Natural infections of 1.5Ð7.4% were recorded for this species in Turkmenistan between 1930 and 1944 (Eremin 1945 , Petrisheva 1934 , Simanin 1930 ). More recently, females of An. superpictus in eastern Afghanistan were found to be ELISA positive for CSP of P. falciparum and P. vivax VK-247 (Rowland et al. 2002) .
The four females of An. superpictus found to be infected during the current study were collected in the Yovon and Hamadony districts of Khatlon province in southwestern Tajkistan ( Fig. 1 ; Tables 1 and 2 Plasmodia were not detected in An. pulcherrimus during the current study, probably because of the low incidence of malaria and the relatively small number of females assayed for infections. However, the role of An. pulcherrimus as a vector has been assumed from its peak density during the hottest part of a year, its propensity for feeding in settlements with recorded cases of malaria, and its capacity to disperse quite far. Simanin (1930) experimentally infected 84% of An. pulcherrimus with malarial parasites. According to Petrisheva (1934) and Eremin (1945) , 1.3Ð15.0% of An. pulcherrimus females in Turkmenistan had malaria infections. In 1974, the role of this species in transmitting malaria in rice-growing districts of northeastern Afghanistan was conÞrmed experimentallyÑ10.5% of females that were fed on patients with malaria became infected (Anufrieva et al. 1977) . More recently, wild a The numbers in parentheses identify the localities represented by the same numbers in Table 2 . females with sporozoite infections were found in eastern Afghanistan (Rowland et al. 2002) .
Although An. hyrcanus has been found in areas of epidemic outbreaks, it is only considered to be a secondary vector. Soviet researchers could infect 0.87% of females of this species with P. vivax by allowing them to feed on volunteers in northeastern Afghanistan (Anufrieva et al. 1977) , but natural infections of this species from the same area were low, only 0.17% (Badawi cited in Zvantsov et al. 2003) . In comparison, we tested 544 An. hyrcanus and found only one P. vivax-positive female (0.18%). The infected mosquito was collected outdoors during human landing catches at Kizilnur in the Jillikul district of Khatlon province (Fig. 1 ).
An. claviger is principally zoophilic, but it is considered to be an episodic vector. However, where its larval habitats are situated close to settlements, it may play a signiÞcant role in malaria transmission. Eremin (1945) reported a natural infection rate of 3.5% in An. claviger in southern Turkmenistan. This species is uncommon in Tajikistan, and the single female collected at Gulafshon in the Yovon district of Khatlon province ( Fig. 1; Table 1 ) was not infected.
Overall, the outcome of our research reported here and previously (Habirov et al. 2012) should inform strategies for mosquito management and malaria prevention in Tajikistan. We anticipate that our Þndings will serve to guide decision makers in their development and implementation of local mosquito control programs. In practical terms, we see four ways in which the results of our research will beneÞt the people of Tajikistan. First, our Þeld studies provide a biological basis for determining when, where, and what types of mosquito control methods should be used to achieve the greatest impact on malaria prevention. Second, a better understanding of the ecology and behavior of malaria vectors and their relationship to the human environment will facilitate predictive models for surveillance and control programs. Third, our interactions with local people have revealed key ways in which environmental changes as a result of human activities affect mosquito ecology and malaria transmission. Last, our studies have included training of public health workers in aspects of medical entomology that will inform educational programs and interdisciplinary approaches for vector research in Tajikistan. Individuals who participated in the study will be able to train others to conduct malaria vector surveys for mosquito control and malaria prevention. Some equipment acquired during the study, such as light traps and backpack aspirators, will facilitate further training and continuation of malaria surveillance programs, which ultimately should result in the elimination of malaria from Tajikistan.
